In this paper, we analyze the effect of resource allocation in two-relay networks with mixed relaying protocol. We assume that two relay nodes exist between the source node and destination node, and one relay node adopts decode-and-forward (DF) relaying protocol and the other one uses amplify-andforward (AF) relaying protocol. Differential modulation scheme is applied for all cases to bypass channel estimation. We investigate the performance of the proposed system by considering the location of relay nodes, i.e., co-located and various location scenarios, depending on the existence of direct link.
Introduction
Relay networks can help extend communication range and enhance the performance of communication system by creating virtual antenna arrays [1] . Resource optimization and its effects on relay networks have been analyzed with various modulation scheme and relaying protocols. Using differential modulation scheme, optimum energy and location allocations are considered in [2] and [3] . For various relaying protocols, i.e., amplify-and-forward (AF) and decode-and-forward (DF), the optimization factors are investigated in [4] for both coherent and differential modulation schemes. Recently, Long Term Evolution-Railway (LTE-R) is considered as the evolution of existing networks such as Global System for Mobile Communications Railways (GSM-R) [5] , and 3-rd Generation Partnership Projects (3GPP) defines the proximity services (ProSe) which uses relays for data transmission [6] .
In this paper, we consider mixed relaying protocol in which one relay node and adopts AF protocol and the other relay node uses DF protocol by assuming two relay links are available. We analyze the performance of proposed system by employing differential modulation. The performance of proposed system is investigated depending on existence of direct link.
System Model
We consider two-relay networks when an arbitrary number of relay exists in railway environments. Different from the general mobile communication systems, a train moves through railroad track and its location is traceable. For LTE-R systems, base stations are installed along the railroad and a train goes almost straight within one cell coverage. We denote one source node s which corresponds a base station, two relay
, and one destination node d which corresponds a node located in the train. We assume that only two relay nodes are used for signal transmission and mixed relying protocol is used. One relay nodes adopts DF relaying protocol which the relay node remodulates the received signal from the source node and forwards it to the destination node, and the other node simply amplify and forward it to the destination node, i.e., AF relaying protocol is applied. We consider differential modulation scheme, in which both relay nodes and destination node bypass channel estimation.
Since we transmit signal using differential scheme, the n-th transmission signal at the source node is Then, the received signal at the relay node and destination node are given by equations (1) and (2), respectively.
The received signals from the relay node which apply AF relaying protocol and DF relaying protocol can be represented as equations (3) and (4). Figs. 1 and 2 represent SER curve and its corresponding contour for the system with direct link and without direct link, respectively. We let 4 energy as 10dB. The results show that the relay location which provides minimum SER is different depending on the relaying protocol. For DF relaying protocol, optimum relay location is approximately 0.4 for both systems with and without direct link. For AF relaying protocol, the optimum location is the midpoint between the source node and the destination node for the system with direct link. The optimum location moves little bit toward to the destination node if the direct link is removed. Notice that the optimum performance cannot be achieved when two relay nodes are located at the same point, which is different from the system only with AF protocol or DF protocol in [2] [3]. However, the trend which provides optimum performance is the same when one relaying protocol is applied.
Conclusions
In this paper, we analyze the performance of two-relay networks with mixed relaying protocol in railway environments. The performance of overall system was compared with depending on the existence of direct link. We reveal that there exists optimum location which provides minimum SER, and the results are different from the system using AF protocol or DF protocol only.
